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INTRODUCTION

A1l of the northwestern quarter of the Tyonek A-4
quadrangle is within the Beluga plateau (Schmoll and others,
1984), which has been the subject of increasingly intensi-
fied coal exploration (Patsch, 1975; Ramsey, 1981), and
open-pit coal mining has been proposed at various sites in
this part of the quadrangle. Consequently, we studied the
area in order to gather and compile geologic data relevant
to such potential development (Schmoll and others, 1981),
and this map is part of that effort. Other maps of poten-
tial coal mining areas near Capps Glacier, to the northwest,
have been released previously (Yehle, Schmoll, and
Chleborad, 1983a, 1983b; Yehle, Schmoll, and Gardner, 1983).

The Beluga plateau is one of the higher lying physio-
graphic subdivisions of the Cook Inlet-Susitna lowland (fig.
1). Elevations range from highs of more than 550 m on Lone
Ridge, in the northwestern part of the map area, to a low of
about 100 m along the Chuitna River, at the south edge. An
approximate median elevation of 230 m is defined by the 750-
ft contour that extends northeasterly across the map from
near the lower left corner to near the upper right corner,
reflecting the general regional slope to the southeast of
the moderately rolling to hummocky terrain.

The map area is drained into Cook Inlet almost
entirely by the Chuitna River and its tributaries (fig. 2),
which have incised narrow valleys about 50-100 m deep. The
principal tributaries of the Chuitna River are (1) Lone
Creek, which drains southeastward in the northeastern part
of the map area, joining the Chuitna River farther east; (2)
a south-flowing unnamed creek that dominates the east-
central part of the map area and that is informally referred
to here as "Middle creek;" (3) a south-flowing unnamed creek
with major western tributaries that dominates the west-
central part of the map area and that is informally referred
to here as "Lone Ridge creek" because of its origins in
springs on Lone Ridge in the northwest corner of the map
area; and (4) a generally east-flowing unnamed creek that
joins the Chuitna River in the southwest corner of the map
area, identified on figure 2 as "South fork." Small parts
of the map area drain northward to the Beluga River, mainly
by way of Scarp Creek, and southward directly to Cook Inlet
by way of Tyonek Creek and Old Tyonek Creek.

Bedrock in most of the map area consists of continen-
tal, coal-bearing sedimentary rocks of the Tyonek Formation,
a unit of the Kenai Group; it is early Oligocene through
middle Miocene in age (Wolfe and Tanai, 1980). Similar
rocks of the next youngest formation of the Kenai Group, the
Beluga Formation of middle and late Miocene age (Wolfe and
Tanai, 1980), are thought to be present in the southeastern
part of the map area, mainly southeast of what we here term
the "Moquawkie fault zone." A body of plutonic rock of Late
Cretaceous and(or) early Tertiary age occupies the northwest
corner of the map area and is separated from the Tyonek
Formation by a fault that we have termed the "Lone Ridge
fault" (Schmoll and others, 1981). Bedrock crops out only
in a few places, the sedimentary rocks mainly in bluffs
along the Chuitna River in the southwestern part of the map
area, and the plutonic rocks mainly in the scarp that marks
the position of the Lone Ridge fault.

We did not examine the bedrock in detail, and the
information presented here is derived largely from Barnes
(1966) as modified in Magoon and others (1976), and from
Detterman and others (1976). We did not map coal beds
exposed in places along the Chuitna River; emendation of the
original mapping of Barnes (1966) is dependent largely on
proprietary data being developed during exploration for coal
(Patsch, 1975; oral communs., 1977-82; Ramsey, 1981; R. B.
Sanders, formerly of Diamond Alaska Coal Company, oral
commun., 1982).

The bedrock is covered in most of the area by a
variably thick sequence of glacial moraine and outwa®h
deposits that have been eroded and modified mainly along
stream channels, where they have been replaced or covered at
the surface by a series of minor alluvial and colluvial
(including landslide) deposits. The glacial deposits are in
turn overlain locally by pond and bog deposits. Our mapping
efforts have focused mainly on these surficial deposits.

This map, at a scale of 1:31,680, was prepared from a
photographic enlargement of both topography and geology that
were originally compiled at a scale of 1:63,360. The en-
largement was made to permit greater legibility than would
be possible at the smaller scale. The level of detail and
precision of both location and identification of map units
presented here are, however, more nearly commensurate with
the smaller scale, although some additional details have
been included here that would not have been feasible
otherwise.

The two cross sections that accompany the map are
intended primarily to show the relationships among the
surficial deposits as we interpret them. The surface
profile was obtained by photogrammetric methods, but there
are few data on which to base the subsurface interpre-
tations. The cross sections portray our initial expectation
of relationships of the units at depth based on their
surface expression. Most of our surface observations, as
well as drill-hole data from just west of the map area (0Odum
and others, 1986), suggest that the surface deposits in most
places are relatively thin and underlain by Tertiary bedrock
rather than by a complex of older Pleistocene deposits. We
know from scant evidence in adjacent quadrangles to the
south and west that older glacial deposits are present
locally beneath those at the surface, but since we do not
know the distribution of any such deposits within the map
area, they are not shown on the cross sections.

The faults that appear on the geologic map are shown on
the cross sections, with relative movement and attitudes
based on the model of Hackett (1977, pl. 3) discussed below,
mainly in order to indicate the nature of faulting that
probably is present. However, neither lithologies nor
structures within the Tyonek Formation are shown, because we
have no reliable way of extending our data from the drill
hole to the west into the map area and published information
is scant.

MORAINE DEPOSITS

Glacial deposits are mapped in terms of the informally
named moraines that have been identified in this part of the
Cook Inlet region in the course of our studies. We gave a
brief description of our usage (Schmoll and Yehle, 1983),
and that has been further elaborated for the moraines on the
west side of Cook Inlet in Schmoll and others (1984) and
more fully in Schmoll and Yehle (1986).

Seven of the principal moraines that we have identified
converge within the area of this map,_ as summarized in
figure 3. Of these, the Denslow Lakel, Seven-thirty lake,
Eight-ten lake, and Blueberry hill moraines take their names
from features in this part of the quadrangle. Only Denslow
Lake is a formal geographic name; we identified the other
lakes by their elevation (in feet) as printed on the
‘topoyraphic map, whereas the Blueberry hill moraine takes
its name from a small airstrip so called by local pilots and
coal-exploration personnel. The Threemile Creek moraine is
named from a stream east of the map area (fig. 1); the
Nikolai moraine is named from a bench mark and the Fourteen-
oh-five lakes moraine from the elevation of a group of
lakes, both features several kilometers west of the map
area. In addition, the map includes a small area of Upper
Chuitna ground moraine that occupies extensive areas just to
the west where it borders the upper Chuitna River valley.

These moraines are the products of glaciers that
clearly had three different source areas (fig. 4). The
glaciers invaded the map area at different times, but the
temporal relationships are somewhat ambiguous. The
Blueberry hill and Threemile Creek moraines were deposited
by glaciers that flowed southward down the Susitna lowland
from the Alaska Range to the north, filling most of the
upper part of the Cook Inlet region, and dominating the ice
from closer, western sources so that it could not enter the
map area. The Blueberry hill glacier was apparently the
more extensive of the two, its margin situated at a higher
level. It probably split into two Tobes and occupied both
sides of the Susitna highland, whereas the lower Threemile
Creek glacier probably was restricted only to the Tower
lying east side of the highland. The Blueberry hill
moraines are represented here by two fairly well developed
lateral moraines, clearly recognized only in this
vicinity. The Threemile Creek moraines comprise well
developed lateral moraines northeast of the map area, but
are here represented only by remnants of ground moraine, the
laterals presumably having been removed and(or) overridden
by the younger glaciers that entered the northern part of
the map area.

The southwestern part of the map area is dominated by
the bold Nikolai lateral moraine, which had its source to
the west in the Chakachatna valley, with contributions from
the Tordrillo Mountains and from the Alaska Range beyond.
Just north of this moraine are ground moraine remnants
identified as part of the slightly higher and more extensive
Fourteen-oh-five lakes moraine of the same source.
Immediately to the west a well-developed lateral moraine is
present, but within the map area itself there are only
ground moraine remnants, some of which could be related
alternatively to either the Blueberry hill moraine or the
Threemile Creek moraine. The Nikolai moraine is probably
younger than either the Blueberry hill moraine or the
Threemile Creek moraine because it seems to truncate them,
indicating that Nikolai ice was able to penetrate the map
area and produce a well-developed lateral moraine only
because the larger glaciers from the north were no longer
present. The Fourteen-oh-five lakes moraine may be contem-
poraneous with the Threemile Creek moraine or, alternative-
ly, with the Blueberry hill moraine, having been deposited
when glaciers from northern and western sources merged.

The Denslow Lake, Seven-thirty lake, and Eight-ten lake
moraines are the products of glaciers that had a more
northern, exclusively Tordrillo Mountains, source in the
headwaters of the Beluga River valley where the extensive
Capps and Triumvirate Glaciers are still present. This lobe
apparently was strongly constrained by Lone Ridge, which
forced the ice to swing sharply around its northeast end at
the north edge of the map area. The youngest of these
glacier advances produced the Denslow Lake moraine, a
prominent lobate moraine that is well developed in the
Tyonek B-4 guadrangle, just to the north of the map area

(Yehle and Schmoll, unpublished mapping). In this map area,
and well evidenced by moraines found mainly here, two
preceding glacier advances followed a similar course, but
extended farther south into the central part of the map
area, producing the older Seven-thirty lake and the still-
older Eight-ten lake moraines. In both cases the ice flow
was seemingly restricted by a hill that rises to more than
275 m in elevation (E1/2 sec. 7, T. 13 N., R. 11 W.). Each
succeeding glacier advance may also have been prevented from
advancing farther southward by the moraine left by the
preceding glacier. The Denslow Lake, Seven-thirty lake, and
Eight-ten lake moraines are clearly younger thaq the
Blueberry hill and Threemile Creek moraines, which they seem
to override. Originally, we thought of the Nikolai and
Denslow Lake moraines as probably being contemporaneous
because of their similarly well developed and preserved
state; however, mainly because of the relationships among
their respective outwash trains as portrayed on this map and
discussed briefly below, it now seems more likely that the
Nikolai and Eight-ten lake moraines are approximately
contemporaneous and that the Seven-thirty lake and Denslow
Lake moraines are somewhat younger.

The geomorphologic relationships of the moraines
suggests that the relative ages outlined above are generally
correct, but we have little evidence for absolute age
differences among these moraines. A radiocarbon date of
13,820 yr B.P. (before present) from basal peat along the
east bank of Lone Creek in the northeastern part of the map
area (fig. 5) indicates that the youngest outwash from'the
Denslow lake moraine is older than that date. From this, we
surmise that the Denslow Lake moraine, the youngest of the
moraines in the map area, may be at least 14,000-15,000 yr
old. It is thus older than the morphologically comparable
Elmendorf Moraine at Anchorage, about 80 km to the east,
which is radiocarbon-dated as about 13,000 yr old (Schmoll

IThe Denslow Lake moraine was initially called the
"Carlson Lake moraine" (Schmoll and others, 1981).
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and others, 1972). The Denslow Lake moraine thus is clearly
late Pleistocene in age, and it may well be that all of the
moraines in the map area, except perhaps for the Upper
Chuitna ground moraine and the erratics on Lone Ridge, are
part of a single glaciation of this age. Other evidence
presented in the discussion of the Lone Ridge fault,
however, suggests that a longer period of time may be
represented by these moraines, and thus possibly more than
one glaciation.

In our regional synthesis (Schmoll and Yehle, 1986) we
have grouped moraines and related stratigraphic units into
five "glacioestuarine associations." Each of these bodies
of deposits is associated with a distinctly different
inferred terminal position of a glacier. Most such
positions are not represented by moraines, probably because
the frunt of the ice was in water of the contemporaneous
Cook Inlet. According to this interpretation (fig. 4), the
glacier that produced the Blueberry hill moraine, coalescent
with glaciers from several sources around the basin, may
have extended south to about East Foreland. The Threemile
Creek and perhaps Fourteen-oh-five lakes glaciers, also
coalescent, extended to about Point Possession. The front
of the Nikolai glacier may have been in Cook Inlet water as
well, about 25 km southeast of the map area, at the same
time that Susitna-Yentna ice terminated near Fire Island and
Beluga ice formed the Eight-ten lake and the somewhat later
Seven-thirty lake moraines on the Beluga plateau, above the
level of inlet waters. The still-later Denslow Lake glacier
terminated on the plateau perhaps when the Matanuska and
Knik glaciers terminated in the vicinity of Anchorage, south
of the Elmendorf Moraine, and Susitna-Yentna glaciers did
not reach nearly that far south. The evidence from this map
area, combined with data from Anchorage, seems to support
the contention embodied in our regional synthesis that
moraines of similar morphology, such as the Nikolai, Denslow
Lake, and Elmendorf, are not necessarily of exactly the same
age; morphological development of moraines may be related
more to environment of deposition, for example, the presence
or absence of inlet water at the ice front, than to age.

GLACIOALLUVIAL DEPOSITS

The other principal glacier-related deposits of the map
area are the deposits of streams associated with glaciers
from which they were derived. These include (1) kame and
esker deposits and (2) outwash-channel deposits, both of
which lie within the boundaries of moraines and are of
Timited extent, and (3) the series of outwash apron and
valley-train deposits that extend outward from moraines.

Kame and esker deposits were laid down by streams
flowing within, on, or around the glacier, probably after it
had become stagnant, in tunnels or channels bounded by ice
so that when the ice melted, mounds of the accumulated
stream deposits remained lying in thicker piles than the
surrounding ice-deposited moraine. Outwash-channel deposits
were laid down within or just outside the bounds of the
glacier, during and after the waning stages of ice
stagnation. Deposition occurred in channels that were
eroded into areas of moraine and ice-contact deposits.
Outwash-train deposits were Taid down by meltwater streams
that extended beyond the margins of the glacier either in
existing valleys or in channels newly eroded through the
moraines of previous, more extensive glaciers. In general,
the older outwash-train deposits date from the time that the
ice had reached its maximum extent; kame and esker deposits
date from the time when the ice subsequently became stagnant
and may correlate with some of the intermediate-age outwash-
train deposits; outwash-channel deposits and the younger
outwash-train deposits date from latter stages of ice
stagnation, perhaps when the active glacier front had
retreated considerably upvalley.

0f these three deposit types, the outwash-train
deposits are the most revealing of age relationships among
the moraines. With respect to the oldest moraines, the
outwash deposits are mainly scattered remnants of formerly
more continuous systems now quite limited in areal extent.
The Seven-thirty lake outwash forms a highly dissected but
reasonably continuous system that drains southward in the
central part of the map area and southeastward in the east-
central part. We have divided these deposits into higher
level (older) and lower level (younger) units.

The Denslow Lake valley trains constitute the most
extensively developed system of terraced outwash deposits in
a complex of levels that dominates the eastern part of the
map area. We have divided these valley trains into seven
units, as summarized in' figure 6. The highest and oldest
unit (do) drains southward at the west side of the complex,
several intermediate units lie in an irregular succession to
the east, and the lowest and youngest unit (du) drains
southeastward in the valley of Lone Creek. Still other such
valley trains, some partly contemporaneous with some of
those mapped here, are east of the map area.

The terraced outwash units were established on the
basis of photogrammetrically determined elevations of
terrace remnants. Those remnants whose elevations could be
plotted along reasonable gradients were grouped into a
single terrace unit. There is some uncertainty in the
grouping of the terrace remnants into the resulting seven
units, and along the length of any one unit there may be
mismatches by one or two units. Some of the intermediate
units are only remnants not directly traceable to the
moraine. It is also possible that what we have identified
as the younger of the Seven-thirty outwash trains instead
could be the oldest one related to the Denslow Lake moraine.

The outwash units assignable to each moraine are in
most cases sufficiently distinct in level and degree of
preservation from those related to other moraines that the
moraines themselves probably resulted from distinctly
separate glacial events. We think, however, that the amount
of time between each such event in an absolute sense is more
likely on the order of thousands or even tens of thousands
of years rather than hundreds of thousands, and thus that
the several younger moraines, at least, may all be part of a
single major glaciation, although perhaps representing
significant ice retreat and readvance. On the other hand,
the age difference between the units related to any one
moraine may instead be on the order of several hundred to a
few thousand years.

OTHER SURFICIAL DEPOSITS

Post-glacial alluvium, colluvium (including landslide
deposits), and bog and pond deposits are the principal
remaining deposits types mapped at the surface. Alluvium
occurs in the valley bottoms of the principal streams and in
discontinuously preserved terraces within the incised valley
of the Chuitna River and its tributaries. The alluvium is
subdivided into nine units on the basis of age, morphology,
and texture. Most of this alluvium is probably of Holocene
age, as suggested by the fact that the highest terrace along
the Chuitna River is easily traceable to a locality near the
river mouth where a radiocarbon age of 6,690 + 110 yr (W-
4409, Meyer Rubin, written commun., -1979) has been obtained
for basal peat overlying this unit.

Colluvium is mapped mainly along the steep walls of the
incised valleys of the Chuitna River and its tributaries.
Much of this colluvium is derived from the morainal deposits
that are subject to erosion on the upper slopes of the
valley walls. Such colluvium is a relatively thin veneer
over the underlying soft Tertiary bedrock, which may be a
major constituent of the colluvium. In many places bedrock
can be found by excavating the colluvium, as was done in
1983 by the Diamond Alaska Coal Company along Lone Creek at
coal exploration pits 2 and 3, in obtaining large samples of
coal for testing purposes.

In places, such as along the margins of hills of the
Eight-ten lake moraine, the slopes have been modified
sufficiently that we mapped them as colluvium derived from
the moraine mostly by slumping and other gravitational
processes. The fact that such colluviation is restricted
mainly to the Eight-ten lake moraine suggests that it might
be substantially older than other moraines (the Seven-thirty
lake and Denslow Lake) from the same source. The Eight-ten
lake moraine, lacking the coarse boulders found in the
presumably coeval Nikolai moraine, might be more easily
eroded than the Nikolai.

Landslide deposits, which we regard as a type of
colluvium, are not common within this map area, although
they occur widely elsewhere on the Beluga plateau (Yehle,
Schmol1, and Chleborad, 1983a, 1983b; Schmoll and others,
1984) associated with the relatively weak rocks of the
Tyonek Formation (Odum, 1984; 1985), exposures of which are
restricted mainly to the valley walls along the Chuitna
River. Some of these relatively small slides are probably
fairly old, but the one at the south edge of sec. 9, T. 12
N.,R. 12 W., occurred about 1979; continued slide
development can be expected from time to time in similar
places.

We have not dated any of the colluvial deposits
directly, and most of them are presumed to be mainly
Holocene in age, but some, especially those developed on the
older moraines, may well have begun to form during late
Pleistocene time.

The shallow depressions in the generally irregular
surface of most morainal deposits, as well as some
relatively low areas on the alluvial surfaces, are or have
been occupied by ponds in various stages of being filled in
by plant growth. The resulting bogs consist mainly of peat
and vary considerably in degree of wetness. Those bogs or
parts thereof that appear relatively wetter or drier than
most are mapped separately. The bogs also incjude many
variably continuous beds of mostly ash-size tephra from
volcanoes to the northwest, west, and southwest (Riehle,
1985). The relatively thick accumulations of peat
containing thin interbedded tephra in the areas mapped as
bog and pond deposits grade laterally away from the bogs
into a complex of tephra deposits with thin organic
interbeds. This complex constitutes a ubiquitous blanket 1
m or less in thickness that, although not mapped, covers all
of the glacial deposits and, to an extent roughly commen-
surate with age, the older alluvium and colluvium as well.

The bog deposits are mainly Holocene in age, but
several in and adjacent to the map area have yielded basal
radiocarbon dates in the range of 10,000-14,000 yr B.P. In
addition to the bog deposits discussed above in relation to
the Denslow Lake moraine and its outwash trains, and
illustrated in figure 5, one other bog within the map area,
at coal exploration pit 1, has yielded a basal radiocarbon
age of 10,140+150 yr (I1-12,376), placing the lowest beds
just within the uppermost Pleistocene. The two dated bogs
within the map area illustrate, however, that the ages of
basal peat beds in bogs do not necessarily correlate
directly with ages of the underlying moraine or outwash
deposits. The basal peat bed that dates older overlies
deposits that on morphological grounds have to be younger
than the deposits underlying the basal peat bed that dates
younger. Consequently it appears that bogs began forming at
various times following the deposition of the underlying
deposits. Other bogs within the map area, from which we do
not have dates, probably vary in age, but many may well have
begun to form during late Pleistocene time.

FAULTS

Four faults are shown trending northeasterly across the

map area, based mainly on the work of others. There is
variation in the nature of the evidence on which these
faults are based and on the degree of confidence that can be
placed on their authenticity. Only the Lone Ridge fault, in
the northwestern part of the map area, has surface
expression and thus is located with confidence. On the
basis of field examination by Detterman and others (1976)
and by us, we concur with the portrayals of Grantg and :
others (1963) and of Hackett (1977), whose model includes it
within a complex of reverse faults. On other maps, however,
a concealed thrust fault (Magoon and others, 1976) or an
inferred normal fault (Barnes, 1966), is shown here, whereas
smaller scale compilations show a fault at this location as
a strike-slip fault (King, 1969) or do not give a sense of
relative movement (Beikman, 1980). Most previous maps .
indicate or imply that the Lone Ridge fault is a direct link

investigations by H. R. Schmoll and L. A. Yehle, 1977-1984,
with A. F. Chleborad, 1978-1979, J. K. Odum, 1981-1982;
assisted by J. M. Core, 1978, A. D. Pasch, 1977, 1979, and
1980, and C. A. Gardner, 1979-1982. Photogrammetric
assistance by D. E. Fair, Gallegos Research Group, 1984-
1985, [llustration preparation with assistance by J. K.
Odum

connecting two better documented faults--the Castle Mountain
fault to the northeast and the Lake Clark fault to the
southwest. Because we find no surface evidence to extend
this fault northeastward, and very little evidence to extend
it southwestward, we are inclined to regard it more as one
in a series of en echelon faults that includes both the
Castle Mountain and the Lake Clark fault systems without
necessarily implying direct linear connections between them;
this interpretation can be inferred also from the maps in
Grantz and others (1963) and in Hackett (1977).

The Lone Ridge fault is expressed as a narrow linear
zone of sheared and disintegrated granodiorite that is
exposed in a well-marked, southeast-facing scarp about 25 m
high and is spectacularly visible from a considerable dis-
tance. As noted by Detterman and others (1976), there are
several springs along this line, and a linear depression
containing numerous ponds parallels the fault on its south-
east side. The fault separates the granodiorite on the
northwest side from the Tyonek Formation to the southeast,
implied differential movement being up on the northwest
side, estimated by Detterman and others (1976) to be on the
order of 500-1,000 m. We have little evidence to determine
the attitude of the fault, but concur with those authors
that it is probably a reverse fault.

From our mapping of the moraines with respect to this
fault, it appears (1) that the fault displaces the Blueberry
hill moraine, all of the moraine apparently having been
eroded from the upthrown, topoygraphically higher, side; (2)
that the Seven-thirty lake moraine and, by inference, the
overridden Eight-ten lake moraine, are probably displaced,
to lesser extents; and (3) that the Denslow Lake moraine is
clearly not displaced. All surface expression of the fault
that we have been able to discern ends at the margin of the
Denslow lake moraine, and nowhere to the northeast does one

find surface evidence of a fault along this trend. If these
morphologic interpretatons are correct, this fault (1) was
active following deposition of the Blueberry hill moraine,
(2) may have continued to be active during the time of the
Eight-ten lake and Seven-thirty lake moraines, and (3) had
ceased activity by the time of deposition of the Denslow
Lake moraine, that is, probably before about 15,000 yr ago.

Some caution in these interpretations is necessary,
however. We do not know the nature or configuration of the
Blueberry hill moraine north of the fault, in large part
because that area is occupied mainly by the younger Denslow
Lake moraine. Furthermore, surface evidence of the fault is
observed only where the granodiorite body is present, and we
may be seeing merely a fault-line scarp caused primarily by
differential erosion at the contact between the granodiorite
and the much softer rocks of the Tyonek Formation. In this
case no inference can be made about the age of the fault
activity. If the age relationship of the fault to the
moraines outlined above is valid, however, the magnitude of
the fault scarp implies a substantial age difference between
the Blueberry hill and the Denslow Lake moraines. Although
the absolute age is conjectural, a longer period of time
could be involved than would permit including both moraines
within a single late Pleistocene ylaciation.

About 3 km southeast of the Lone Ridge fault we show a
concealed fault as proposed by Ramsey (1981), on the basis
of subsurface data developed during coal exploration.
Subsequent exploration may add other faults (Ramsey, 1981;
R. B. Sanders, formerly of Diamond Alaska Coal Company, oral
commun., 1982). That such faults should exist is expect-
able, for example, from the model of Hackett (1977, pl. 3).

Two additional faults farther southeast are also taken
from Ramsey (1981). The more northwesterly is an inter-
polation between faults mapped by Barnes (1966) from
exposures along the Chuitna and Beluga Rivers southwest and
northeast of the map area, respectively. The other fault,
labeled Moquawkie fault by Ramsey (1981), is probably one
interpretation of the fault inferred by several workers to
extend from the Bruin Bay fault far to the southwest,
through a complex of numerous faults identified in
subsurface data developed from offshore oil exploration
(Boss and others, 1976), to join the Castle Mountain fault
farther northeast. The position of such a fault coincides
in part with the Moquawkie magnetic contact of Grantz and
others (1963), and we, like Ramsey (1981), continue use of
this terminology, further considering that the several
possible northeast-trending faults in the southeastern part
of the map area constitute the Moquawkie fault zone.

The Moquawkie fault zone may mark the contact between
the Beluga and Tyonek Formations, as shown, for example, by
Magoon and others (1976). However, others working along the
incised valley of the Chuitna River have left this open to
question. For example, Detterman and others (1976) map the
Beluga Formation farther up the valley, whereas Turner and
others (1980) indicate the presence of Seldovian fauna
(indicative of all but the lowermost part of the Tyonek
Formation) in rocks farther down the valley. We infer that
greater structural complexity is likely in the area of the
Moquawkie fault zone than has yet been reported.

Proprietary seismic and coal-exploration data may ultimately
provide more definitive information than is presently
available.

We have no surface evidence that bears on the location
or nature of these largely inferential faults. Although
some surface features may be found to align with parts of
these inferred faults as shown here, such coincidence is not
compelling enough to be regarded as more than fortuitous.
Consequently, we believe that there has been no activity on
these faults or related structures in late Pleistocene or
Holocene time.
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DESCRIPTION OF MAP UNITS fmg Ground-moraine deposits of Fourteen-oh-five lakes Deposits associated with Eight-ten lake moraine-- Figure 1.--Map of upper Cook Inlet region showing relationship of northwestern quarter of
moraine (Pleistocene)--In areas adjacent to Subdivided into two units that emanate from T . ? d A d hi
; ¢ : i : : 3 ] : yonek A-4 quadrangle (1lightly outlined rectangle) to selected physiographic and geographic
The map delineates deposits thought to be about 1 m or Chuitna River and area between Eight-ten lakes various points around the moraine (fig. 6) features of region. Modified from Schmoll and others, 1984.
more in thickness. Grain-size terminology for surficial end moraine and Nikolai lateral moraine. ep Younger unit--Emanates from within western and : ;
deposits follows that of the Wentworth grade scale (American Occupies relatively large areas of gently eastern parts of moraine. Occurs as remnants of
Geological Institute, Data Sheet Committee, 1958). All rolling topography that includes scattered, hut high-level channel systems that drained south- 3 o
thicknesses given for deposits are estimates. The age relatively large, bogs and a few ponds. Mean westward into areas of Blueberry hill ground 151° 1517 Denslow Lake Ll
symbol Q is omitted from Quaternary deposits, but other relief about 1.5 m. Not readily distinguishable moraine, but that may then have constituted an i 30", end moraine 20
standard age symbols are used for pre-Quaternary rocks. from either south end of Blueberry hill ground early phase in development of Chuitna River in 61° 61 - = !
i o g bet Ei - k i i i 15’ 15’ N Q < < Denslow Lake
moraine to north, or from Threemile Creek ground area between Eight-ten lake and Nikolai moraines A2 L e,
moraine to east. In a few places, however eo Older unit--Emanates from southern part of end hummocky
deposits contain volcanic phenoclasts like those moraine. 0ccurs as single unit that is remnant Denslow F et Blueberry hill
SURFICIAL DEPOSITS of Nikolai lateral moraine (although generally of outwash plain whose fommer extent, 1s. unknown, i ¢ ] ound_morsing
. . in lower concentrations) and consequently are but which also may have been graded to high k
Moraine Deposits thought to be related to Fourteen-oh-five lakes to¥el of atnestre; donk Intet d ‘ P o
s lateral moraine of similar provenance, the type no Deposits associated with Nikolai moraine--A small 1 ground moraine
Subdivided according to the individually named moraines area of which is about 8 km west of map area. outwash plain that extends east from moraine
summarized on figure 3, and according to the following types Thickness at least 5 m into a channel across Fourteen-oh-five lakes ,
of moraines: End and lateral moraines are well-defined, tmg Ground-moraine deposits of Threemile Creek moraine ground moraine and that is presently truncated b
fairly continuous belts of hummocky topography of generally (Pleistocene)--In widely dissected, low, rolling by Chuitna River canyon; may have been : >
high relief, commonly dotted with numerous ponds and other hills in eastern part of map area. Ponds and coextensive with Eight=ven lake outwash plain o %
undrained dgpressions, that mark the marginal position of a bogs not common, but a few large hogs present 3 s e ¥
fogmer glacier. These two types of moraine commonly grade locally. Mean relief about 1.3 m. Some hills Alluvial Deposits 1
into one another, and the division between them is somewhat Took like northeast-trending drumlins, a Eight-ten lak
arbitrary; here, the designation "end moraine" is used for characteristic that is more distinct northeast ALLUVIUM ALONG MODERN STREAMS : ] ; Gk
segments that clearly form part of a lobate configuration, of map area, presumably reflecting ice-flow from b feposits within active floodp]a1n at Chuiina River
whereas the more nearly linear marginal segments, most of northeast and thus a Susitna lowland-Alaska (Takest Ho]ocene)--@h1ef1y grasl and sawe, wetl e z
Which.do not lead to preserved end-moraine lobes, are Range provenance. Thickness at least 5 m bedded and sgrted, b, bars and very ]ow LRERacHS -
identified as lateral moraines. Hummocky moraines are less bmg Ground-moraine deposits of Blueberry hill moraine that are subject to continual reworking by the Ground s //‘/
well defined areas of moderately high relief that lie within (Pleistocene)--In generally rolling terrain ;;YEE and 99095311y]n0t govered by V99$tat]°n' 61° /.ﬁg 2
the area bounded by the end and lateral moraines and are having dominantly southeastward regional slope R e 10’ &y’
found a short distance upvalley from end moraines; some of from 1and occupied by Blueberry hill lateral ::S;gc:tggggon il s b e it YY Th
h ; moraines. Ponds and b fai iy e
e R L Roreross 1n soutnern bt of tnls unts Gres,  ® DRBOSIEsnlowest serraces olong 1) major
the areas within the morainal belts that have relativel Tow but small and uncommon in northern part. Mean Shepams. (Halaceanisauntly peibiy. Saat ang 4 o
relief and generally thinner deposits and that are commﬁn] relief about 2.3 m. Dissected locally with Sahay gravel,'we]] bedded and moderately well to
found well upvalley from the end moraines. Estimates of 3 relief of about 20 m by major western wh] sorted withll SR TREE s BRI a8 round morain
mean relief given below for principal moraine units h tributaries of Lone Ridge creek. Also includes Ben as 15 m, Cheaealy less: hedrack may sdcur : s
been derived statisticall f?om e]g ati det i dage mainly by inference, ground mor;ine on hill in AE shal Jow Seli SoRs Nt Blong ShuTing Rhwar
o it B fiom randomvpro???eseai:zgzemapy northeastern part 0; mip ares that rises above af Fine-grained deposits in valley bottoms and lowest
units. Denslow Lake and Seven-thirty lake moraines and tercaces along low-gradient creeks (Malocene)--
Al1 moraines composed chiefly of till, commonly a that was covered by glacier higher than that of thiefly sand, Fine-grained sand, and siit, i .
diamicton consisting of unsorted to poorly sorted gravelly Threemile Creek moraine. Thickness at least 5 m Wodeearely we'l Sedand dad surted; Way be of ! SRR s
sandy silt and variable, commonly lesser, amounts of clay; umg Ground-moraine deposits of Upper Chuitna moraine lacustrine origin in part. Commonly overlain by 0 2 4 km " 4 km
clasts as large as boul&ers; Tocally includes well-sorted, (gidd1$(?) Pleistocene)--In small area at west gggg;;g gipgigt:; t??;”{: mag”‘gh‘?t“Ppgf ; : ; J 3
: ; edge of map area; much larger areas of thi it e Htany:, LoSURUATENaIRIver, : :
a;;;:;g;?uoggmlggies ?:ijggsaggmzasdy pEbﬁ]e g;aveg. ; s justpwest of hors whgre e boraal ty;Z Z:;a Thickness 5 m or less Figure 2.--Map of northwestern quarter of Tyonek A-4 quadrangle Figure 3.--Map of northwestern quarter of Tyonek A-4 quadrangle
o) liatat yand go X ohtt Bede ime’ & ??"i outwash, is located, outside Blueberry hill latera] ai Deposits in intermediate terraces along Chuitna showing selected streams and other geographic features. BH, outlining principal named moraines. Bold lines indicate bound-
1.0 S l-gl 680p52a1 posits too sma 0 map P ,Deposits arobably e ekt River (Holocene)--Chiefly gravel and sand, well Blueberry hill airstrip. Named features shown by slightly aries of end and lateral moraines, ticks on side toward glacier;
P y :31, g provenance. Age of this drift and configuration bedded and sorted within beds. Thickness 5-10 heavier line than those unnamed; informal designations for the dashed lines, inferred positions where moraines eroded; ?qgted
NDo g & 6b Yot ; A e L m, but may be underlain by bedrock at shallow latter are not capitalized. lines, indefinite boundaries between ground moraines; soli
e té\N]Dir%gER:tmmgsflNEigESSS;ES-r%H brga(ﬂy lorjate pr‘egum;t;?; E?Sérdeﬁé’iéﬁif ]:h;rS] ::;eg&?;: it dépth in places squares, locations of features from which moraines were named.
having variable bﬁt re?atively higﬁ rZT?Z? ?n moraines of map area, as all of them seem to i TEROSII: S0 Ui ene ues alang Chultma River
the form of many irregular, steep-sided hills converge on apparently pre-existing areas of (early Holocene)--Chiefly gravel and sand, well
and intervening depressions. The diamicton may this drift. Occurs in generally flat lying, T e e, BB s
contain a high percentage of coarse clasts broad areas that include lakes and ponds, as relatively thick cover of peat and tephra.
Thickness variable, may be 25 m or more in. well as extensive areas of bogs of which only a gg;:ggfsztsgég]T’ bgt ?gy.be ¥nderlain by
; : bit of a few extend into the west Ownaeptu I places
zégczgs?gggs’ M- area. Thickness 5 m or less e s ALLUVIUM IN FANS AND CONES (HOLOCENE)
dme End-moraine deposits of Denslow Lake moraine (late . taafise -graines dapsstts. In aliuviel fanse-Chiefly
: = > y ; % ) : : sandy gravel and pebbly sand, moderately well,
rthea ke e R vl e e
: t : : 1 ; 11 to poorly sorted within beds. Occurs
sharp hills and int iy p J
Mean relief about 4 m. This mo;aine i; gravelly, silty sand, and diamicton Mo;t L 1onls of Shlon Sieeks, and At bise. of steep
SBERErEst pasd ot e it A ST i e s : . southeast side of Lone Ridge. Thickness MT
p arge morainal lobe that is deposits loose, some relatively compact { abl ibl : 61° SUSITNA
also well developed north of map area (Yehle dk Kame deposits--In irregularly shaped hills of g bl pgss1b e e v 150 Bor comondy
Schmoll, and Chleborad, 1983a, 1983h; Yehle, generally low r‘eh’efgthat gccurp]ocaﬂ within less, especially in smaller fans 30’ & 7
Schmol1, and Gardner, 1983: Yehle and “Schenl ] et Bl bl el %argin £if Fine-grained deposits in alluvial fans--Chiefly ‘
-’ . 2 3 - 4 d . .
9“?Ub]1Th§d mapp1”9)fang that here includes the became stagnant. Thickness probably less than ;Zgi1;nsoilég, 1Bsig#l?:]ﬁybgigiiii”gegﬁgigzte]y
informal type area of the moraine in the 15 m ; 1 > :
FaEy : - : : P
v1c;:1tytof Denslo¥ Lake. Also includes, in dke Esker deposits--In a single esker, an elongate, S?izzngf1foﬂ2]ﬁizg: p]?E?czaegin;lgbggqihge;tor 7
northwest co i i i i i i 8
the Denslow [:ig go#ﬁ?ﬁeagzz’cgaigillrigi?czhzze ikgghglyw?lg?ﬁugozaél g; ;iéagéi§1ﬁeh;gz EiLLEf 1es§ ;
bOEN andkand Tathe sl i ates S Bitde abinE shobhl s o KEis fcc Deposits in coalescent fans and cones--Chiefly -~
sme End-moraine deposits of Seven-thirty lake moraine moraine Thickiess probably at #eZSi {5 m s grqve], grayel]y sqnd, BLIEY sandy gravel, D N
(1ate Pleistocene)--In massive lobate ridge OUTWASH-CHANNEL DEPOSITS--Most1y bedded sandy ami poasinhy diaticton, fetegiisrly to pogriy § s
remnants just south of, and outside, the Denslow gravel. gravelly sand, and sand. Most depdsits ped s hiand Meserasty Boee by to posrly: sarted, ,
Lake moraine that are dissected, especially in Toose and moderately well sorted; may be more Occurs on lower parts of valley walls, mainly « ™~
the central part, by outwash from that gravelly at depth. Commonly ove?lain by bog and atong Chu1tnq River. Underlain by colluvium or < N
S ts Contaiﬁs 008 Descorsion  rhr gond or OEhEF BEdsnte dapositas. whare thete Are bedrock. Thickness as much as 10 m in central Beluga "n
i s : 2 2 art, h i
;hem oc]cgmed by bogs than by lakes and ponds. gxtensgviz and mors thgnbabogt 1 m Thick, mapped ac Degositsp?; gq?ui?a%rj]cglﬁv%a[? rclg?]gst_(zgrg?)gb?;se Threemile % FIRE "
R e e ek sendy aravel and siTty sandy gravel, pernays i
730-ft elevation, is used as the informal type dc Deposits of Denslow Lake moraine (late Pl B ek i S o, e et - sy v
area for this moraine. Apparently overlapped b Pleistocene)--In northeastern part of map area deposited, in part, by debris flows. Occur in POSSESSION l
DinsTow fake weifaine nosr edst 2deh of ke o-an in irregularly shaped channels in low-lying b Al i e Ryl e b e s Y
e e ve'svopibmy 0T R FORELAND :
nslow Lake s 3
moraine (Yehle and Schmoll, unpublished mapping) ec Deposits of Eight-ten lake moraine (late : 61° GRANITE ¥ . A "
sml Lateral-moraine deposits of Seven-thirty lake Pleistocene)--In western part of moraine in Colluvial and Landslide Deposits (Holocene and Pleistocene) 00’ A PT » Chickaloon
moraine (late Pleistocene)--In narrow linear small channels and terrace remnants that are, at : ; 7 ," \6, )’v "ggy
ridge on northwest flank of Lone Ridge that is least in part, lower and younger than youngest Colluvial deposits consist of irregularly mixed > O
more subdued than, but appears equivalent to, outwash-train deposits; in eastern part of fragments of various sizes and types der1ved.by weatherlng P
Seven-thirty lake end moraine, judged by its moraine they drain into areas of Threemile Creek and yravity processes acting on older geologic materials, ()
position south of Denslow Lake moraine in and moraine. Similar such channels are now occupied both surficial deposits and bedrock. They are generally (}
west of northwest corner of map area entirely by bog and pond deposits and are so unsorted and loose to moderately compact. Landslide
eme End-moraine deposits of Eight-ten lake moraine mapped deposits are developed mainly by gravitational failure along
(late Pleistocene)--In highly dissected remnants nc Deposits of Nikolai moraine (late Pleistocene)--In discrete buried surfaces in relatively soft_sed1men§aqy EAST
of a large lobate ridge that occupies central southwestern part of map area in irregularly bedrock and include minor amounts of overlying SUT‘f]CT«?] FORELAND
part of map area. Largest remnants are shaped channels in low-lying areas between hills deposits as well. They.regulted mqin]y from single slides
hummocky, include a few lakes and several large of ground moraine south of Nikolai lateral along the walls of the incised Chuitna River valley. [ 0/
bogs; smaller remnants are somewhat hummocky but moraine
free of lakes and bogs large enough to map at fc Deposits of Fourteen-oh-five lakes moraine ca MIXED DEPOSITS OF COLLUVIUM AND FINE-GRAINED. 0 10 20 mi.
1:31,680 scale. Mean relief about 2.4 m. (Pleistocene)--In small channel remnant within ALLUVIUM--Chiefly silt, sand, and very fine to s ] l L J
Overlapped by Seven-thirty lake moraine in east- ground moraine that is now truncated by outwash fine pebbly sand derived from disintegrated
central part of map area, this moraine not known associated with Seven-thirty lake moraine granodiorite in areas on northwest slope of Lone 0 20 40 km
to be represented farther north, although it may bc Deposits of Blueberry hill moraine (Pleistocene)-- Ridge where deposits of minor watercoufses are L | T ] | 1 L |
be present there but not distinguishable from In western part of map area in well-defined so intimately mixed with similar material that
Seven-thirty lake moraine southwest-trending channels that lie between is dominantly colluvial 1?]0r1g}” ghétdQOEh EXPLANATION
eml Lateral-moraine deposits of Eight-ten lake moraine ridges of lateral moraine or were cut int deposit types are too small and(or) indistin-
(late Pleistocene)--In sing]i linear ridge that grognd moraine and that parallel th: regigna] guishable to map separately at 1:31,680 scale. NAMED MORAINES GLACIOESTUARINE ASSOCIATIONS (GEA) INTO WHICH GLACIER LOBES (SHOWN BY ARROWS) AND SOURCE
is higher on northwest flank of Lone Ridge and southeasterly slope Thickness may be as much as 5 m i PRURATHES. ARE  GROUPED i
: e By : POSITS DERIVED FROM MORAINES--Chiefl Slusberry i1l
somewhat more massive than younger Seven-thirty OUTWASH-TRAIN DEPOSITS (LATE PLEISTOCENE)--Chiefly cm COLLUVIAL DEPOSITS i e i e Cairn Point GEA B Beluga, from Tordrillo Mountains
lake lateral moraine. Identified chiefly by its well-bedded gravel, sandy gravel, and gravelly diamicton similar to that of related moraines, d Denslow Lake : . ot
position, this lateral moraine is also sub- sand. Most deposits loose and generally well but generally less compact; includes minor o Eight-ten lake g Chickaloon Bay GEA C-M Chakacha;na-McArthur, from Tordrillo and Chigmit
stantially more subdued than its presumed end- sorted. These are principal deposits within map amounts of better sorted sand, silt, and pebbles =r—r—r  Fire Island GEA NanER, a6l well 45 Aliske. Kange TRrEierbet
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iQQSlgagf :xcgsgfoﬁalOcoZiianssmg;aégsymg{asss because all units are discontinuously prese;ved, ?egioggooutC{Op too small to map separately at
; ; sequence of units presented on map is 20 SCdlie
L e T brovisionst dne Subject to forther refinenent 1 COLLWVIAL DEPUSITS RESULTING Fa0n LANISL 0.
(Pletsticene) -~In prominent. hi h-{ o Midear du Youngest unit--Seems to emanate from outwash Chiefly diamicton consisting of gravelly silt
Fidaps thit extendpsouthweséer]g inyang S e channels within moraine near Denslow Lake, and and sand and relatively minor amounts of clay 1C . Wil
wes%ern el e by s occurs as a low terrace along Lone Creek. A and some organic material. Includes boulders C'h 4
Lone Ridge Asdr wﬁere infgrm:1o: s aTeaei:een radiocarbon date of 13,820 yr B.P. was obtained and some relatively large masses of bedrock. 250 -
Tocatedd Bad vicinity of Chokbna %?ver from deposits overlying this unit in SW1/4SW1/4 Generally nonbedded and poorly sorted; : ;
De ress;ons e rig ¢ e 5 sec. 13, T. 12 N., R. 12 W. (fig. 5) relatively loose. Queried where identity is - 800
degosits it egera1%e tEZZear?dSZZearzgless dt Sixth-oldest unit:—Orig{nates in channel cut somewhat uncertain. Thickness as much as 50 m o i L1022
hummocky’and mgr‘e mass%lve than otr?er Vataral lower than level of end moraine west of its clb Blocky landslide debris--Occurs as single massive d u>.| 3+ %
moraines within map area. Mean relief about 3.6 southernmost point. Occurs as intermediate deposit near confluence of Lone Ridge creek and > - T - w
m. Highly dissected in places; elsewhere terrace along upper part of Lone Creek, but the Chuitna River that probably includes very = u>_, 2 - @ ! v
deposits overlapped by colluvial or debris-flow farther downstream, mainly east of map area, large blacks o7 jmtect sandscone, coal, andlor) < 700 ol fine sand w
deposits derived from Lone Ridge. At northeast E;Cmﬁ: Qi;gksurface of broad channel occupied siltstone. Thickness at least 50 m P B £ .8 2 siadlecrsich | %
end of moraine there are two distinct ridges ! : : ; » i
but southwestward they merge; inner ridge ot ds Fifth-oldest unit--Apparently emanates from near Bog, Pond, and Lake Deposits (Holocene and Pleistocene) W 200 5 ey 1 5 W
thought to mark any significant break in glacial southernmost point of end moraine. Occurs as J ; @) > 9 3
dspnett bl of marked rev N d d £ intermediate terrace along upper part of Lone Chiefly peat (mosses, sedges, and other organic debris m o o - m
dep etreat and readvance o - A ; : s e < 0 e : <
en Creek, diverging southward, however, to become in various stages of decomposition) and organic silt that 600 < 14 Ped
HUMMOCKY MORAINE DEP e P " ]ow.terrace along most of Middle creek, and then 1n§1ude minor woody horizons and numerous thin interbeds of n 2} § =
having uneven sur(‘)?;ch to;grgn:,;;ﬁ; ;gn;?Q?T;rms splitting near south edge of map area to form a mainly. ash-sized tephra, and that are accumulating in bogs; E E & - o
resembling that of end moraines but having now-abandoned, bog-filled channel west of modern especially at depth, includes mainly fine-grained deposits " g 7 b
haiiirsld 1 Aol i 116218 Tinear Middle creek (silt, clay, and fine- to medium-grained sand) containing s ' = §
continuity: generally occur Thward from end dr Fourth-oldest unit--Not presently found in relatively little organic matter laid down in ponds and 0= —0
abifas Bask ’Thickness may be as much as 25 m - direct association with end moraine. Occurs in small lakes that formerly occupied the sites of present-day () I
A Humalacky mbbatas desusiis of Dinslow Lake mardtne high terrace remnant along Lone Creek that bogs. Soft and moist. Occur throughout the map area except - 500 i
(late Pltdstacans)=sIn-area nobth of end moraine appears to correlate with lowest level of along top of Lone Ridge. Adjacent mapped deposits extend ‘ Xr=1
that consists of many hills of diamicton with channel now beheaded by Lone Creek valley and beneath these deposits. Thickness as much as 4 m 1 EER lfﬂ dmnﬁmonjiL
rellBF of &b 3w dedn drained by East fork of Middle creek, ultimatel E g & [ [
T‘;igrvemng gutzag'r“tcgainziS";Z"igﬁgsby many bl B sapsioin Vil or o digoe L lpote ot DEPOSITS IN BOGS OF NORMAL WETNESS--Water commonly Vertical exaggereration X30
sl Hummocky moraine deposits of Eight-ten lake dq Third-oldest unit--Not presently found in direct present at root level; includes some ponds, but Figure 5.--Diagrams showing outwash-train deposits along Lone Creek and their relationship
moraine (late Pleistocene)--In scattered moraine association with end moraine. Occurs as major e few intervening areas of open water : to radiocarbon-dated bog deposits, NW1/4SW1/4SW1/4 sec. 13, T. 13 N., R. 12 W. A,
remnants that rise notably higher than adjacent surface of channel now drained by East fork of R DEPOSITS IN WETTER BOGS--Water present at higher Hypothetical cross section along line C-C' on geologic map, showing terraced outwash-
areas of ground moraine, but include a Middle creek, farther south forming high terrace levels within the vegetation mat; includes many train deposits; b, boy deposits exposed in cutbank; p, pond and bog deposits at surface;
comparable distribution of generally large bogs on east side of Middle creek itself near south ponds, some too small to appear on the base map, other symbols as used on geologic map. Some units of colluvium (c), as well as bog
and relatively few, but fairly large, ponds. edge of map area and many small areas of open water. May be deposits, that are shown on diagram are too small to appear on geologic map. Buried
Mean relief about 1.5 m dp Second-oldest unit--Emanates from southernmost §0m$what thicker than other bog deposits, or may units are inferred from relationships shown on genlogic map. Al1l contacts inferred. B,
T Hummocky moraine deposits of Nikolai moraine (late point of end moraine. Occurs as slightly lower include higher proportion of pond and lake Generalized stratigraphic section through bog deposits; circled letters, locations of
Pleistocene)--In a single moraine remnant, part of two high terraces along upper Lone Creek, but *o o deposits : . samples having radiocarbon ages and laboratory numbers (Isotopes, Incorporated) as
of a group that is more extensive south of map diverges southward, becoming intermediate o o's®| DEPOSITS IN DRIER BUGS--Water generally not present follows: x, 13,820¢170 yr B.P., 1-13,072; y, 12,420+190 yr B.P., 1-10,834; z, 9,230+140
area and that seems to be a less well developed terrace along Middle creek, with a possible at root level; includes few ponds or other areas e RPN D7)
continuation of the lateral moraine, forming divergence westward into Lone Ridge creek and a of-open-watar-sad possiblyiptmersromic
part of an interrupted series of massive kames further divergence from modern drainage to form geResice SURER Lo SRl ey e i
and morainal hills. Mean relief about 1.5 m. a major independent terrace near south edge of 1ain by coarse deposits such as gravel and sand, 151° 151°
It is likely that in this vicinity Nikolai map area, continuing southward to lower reaches or otherwise be better drained than other bogs 30’
glacier was invaded by outwash from adjacent of Tyonek Creek ) . L : 1 61°
Eight-ten lake glacier just to the north do Oldest clearly recognized unit--Emanates from Residual Deposits (Holocene and Pleistocene) 15’
tmh Hummocky moraine deposits of Th ile Creek western side of end moraine near point where it EXPLANATION
i _ye s P i) ;‘;e’“”e s Yeaves Lone Ridge, snd forms 3 ek i r RUBBLE DERIVED MAINLY FROM GRANODIORITE--Includes
0? a;gu ofe;;rggsne --nn EOU' wgs?ernm?s: part plain. Some drainage appears to have been by some glacial erratics, eolian material, volcanic outwash outwash
i 9 pt ¢ e r?mtin i 2rma. ype valley of Lone Ridge creek, but most deposits ash, and organic soil; grades downward to firm shonmas trains
hieg ea? g] mag'aresﬁ e;g remgan 2 r;se ; from such drainage are not now differentiable bedrock. Present only on Lone Ridge. This area
GROUND-MORAINE DEPOSITS--Di amicton forming rolling 08 gaiees A Moeim,  MRjat Eart OF LHIS unit iplooichy B0k il i D g . ki
Vs af et s 1 Vet 2 '9 . ”g 4 forms highest terrace along Middle creek and more times during older glaciations, but little
foits remngnts boﬁgergz ge " af ar? tTSS?C £ probably constituted initial stages in formation evidence of these events, other than scattered t
s itk cc foctiar rg]?r?as oT relatively of this valley. It diverges from modern erratics, has been found. Thickness to intact
P hin ioundemoraine ge iy ef i g b drainage in southern part of map area to form bedrock probably 2 m or less s
morgine (late P]eistgcene)-?Thiingeogsigse now-abandoned channel that is interrupted by Sensiow
overlying bedrock that may be expode locally on Chuitna River, but that seems to continue | it : i
dissected margins of hill that constitutes Soutaward as terrace along Tyonsk Lheak Z. TYONEK FORMATION (MIOCENE AND OLIGOCENE)--Chiefly moraine (D)
single occurrence of this map unit at north edge D99051F5 associated with Seven-thirty lake siltstone and claystone, carbonaceous siltstone q
of map area; widely distributed in next quad- moraine--Subdivided into two units present now and claystone, sandstone, and coal (Barnes,
rangle north. Thickness probably less than 2 m as remnants scattered about much of central part 1966; Odum and others, 1986). Mapped only in P
smg Ground-moraine deposits of Seven-thirty lake of map area (fig. 6) major outcrops along Chuitna River. Thickness
moraine (late Pleistocene)--Occupies relatively sp Younger unit--Emanates from western side of end about 1,000-2,000 m, thickening eastward . ,/
Tow lying areas north of Lone Ridge and adjacent moraine near Lone Ridge, and perhaps from (Hartman and others, 1972); probably less than T
to Seven-thirty lake lateral moraine. To east, farther south along moraine as well. Occurs as 1,000 m toward the northwest. Queried (on cross Sven-thicty
on north end of Lone Ridge, deposits may be thin (1) a channel adjacent to, and partly within, section) where may include similar rocks of the 61° bk Sy
or even lacking, granodiorite covered instead by Moraine that then becomes low terrace in broadly overlying Beluga Formation 10’
residual deposits (r). Thickness about 5 m meadering channel in center of map area and (2) TKg GRANODIORITE (EARLY TERTIARY OR LATE CRETACEOUS)-- —
emg Ground-moraine deposits of Eight-ten lake moraine as low terrace along upper reaches of Lone Ridge Mainly granodiorite (Detterman and others, 1976) =R = Eight E
(late Pleistocene)--In dissected rolling hills creek; these two elements join to form low or similar medium-grained equigranular biotite- g lak Igdm‘1 ?
in central part of map area within Eight-ten terrace along lower Lone Ridge creek. It is containing rock in one of a series of plutonic -y i ,NmOH"N’
lake end moraine. Relatively large bogs and a possible that at least some elements of this bodies exposed intermittently along northwest 3 i
few lakes common in some areas, but lacking in drainage system may relate instead to Denslow side of Cook Inlet basin. Where exposed along Qkfob\ o
others where topography is somewhat smoother. Lake moraine as part of oldest drainage from Lone Ridge fault, is generally a grus. This
Mean relief about 1.4 m. Thickness about 5 m; that moraine material, as well as nondisintegrated rock when
in northwest corner of map area, on northwest SO Older unit--Emanates mair.ﬂy from nOW-diSSE‘CtE(‘j Crushed’ may provide a source of aggregate for
slope gf L??e Riggg, digmicgon]probably thinner, gz:&gil g?gzgoﬁosgg Tg;i;gi-OfOESﬁESR?Zgélgrgéah some construction purposes. Thickness unknown
in part co jate ! : . e
oot DI G deposited by streams that may have also occupied ——— CONTACT--Approximate, inferred, or indefinite
nmng Ground-moraine deposits of Nikolai moraine (late upper part of that creek valley and that -++- (B it Tauls ol et e R

Pleistocene)--In low-lying hills in southwest
corner of map area south of Nikolai lateral
moraine. A few bogs and lakes occur within
these gently rolling hills, but are more common
in areas between hills. May overlie older
glacial deposits locally, some of which not
readily distinguishable from surface deposit.
Thickness about 5 m
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probably initiated broadly meandering channel in
center of map area and (2) as dissected outwash
plain in east-central part of map area that
drained mainly southeastward, perhaps graded to
a high level of ancestral Cook Inlet
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angle; dotted where inferred and(or)
concealed. U, upthrown side; D, downthrown side
RECLAIMED COAL EXPLORATION PIT--Numbers referred to
in text
RADINOCARBON LOCALITY--I1lustrated in figure 5
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Figure 6.--Map of northwestern quarter of Tyonek A-4 quadrangle summarizing principal
outwash trains related to Denslow Lake (D), Seven-thirty lake (S), Eight-ten lake (E),

and Nikolai (N) moraines.

Outwash trains identified by same lower-case letter symbol as

used on surficial geology map, except that initial letter, d, is omitted from those for

Denslow Lake moraine.

Moraines outlined by bold lines, ticks on side toward glacier.

Coarsely stippled pattern indicates areas of older moraines, including erratics on Lone
Ridye.
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Vertical exaggeration

X10

Cross sections were made directly from air photos and are not precisely constant in

scale, nor are lines of sections exactly straight.

Thus, some details shown on

cross sections do not correspond precisely to the map, and Tines of sections shown

on map are approximate locations.
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